A number of studies have shown that a smaller than normal nocturnal blood pressure (BP) decrease is associated with cardiovascular disease. However, no large prospective studies have examined the reliability of nocturnal dipping within individuals. The aim of our study was to investigate the short-term variability of nocturnal BP fall in a large cohort of patients with recently diagnosed essential hypertension. In all, 414 uncomplicated never treated hypertensive patients referred to our outpatient hypertension hospital clinic (mean age 46712 years; 257 M, 157 F) prospectively underwent: (1) repeated clinic BP measurements; (2) routine examinations recommended by WHO/ISH guidelines; and (3) ambulatory BP monitoring (ABPM) twice within a 4-week period. Dipping pattern was defined as a reduction in the average systolic and diastolic BP at night greater than 10% compared to average daytime values. Overall, 311 patients (75.1%) showed no change in their diurnal variations in BP. Of the 278 patients who had a dipping pattern on the first ABPM, 219 (78.7%) confirmed this type of profile on the second ABPM, while 59 (21.3%) showed a nondipping pattern. Among 37 dipper patients with 420% of nocturnal systolic BP decrease (extreme dippers), only 16 (43.2%) had this marked fall in BP on the second ABPM. Of the 136 patients who had a nondipping pattern on the first ABPM, 92 (67.6%) confirmed their initial profile on the second ABPM, while 44 (32.4%) did not. Patients with reproducible nondipping profile were older (48712 years) than those with reproducible dipping profile (44712 years, Po0.05). These findings indicate that: (1) short-term reproducibility of nocturnal fall in BP in untreated middleaged hypertensives is rather limited: overall, one-fourth of patients changed their initial dipping patterns when they were studied again after a few weeks; (2) this was particularly true for extreme dipping and nondipping patterns; (3) abnormalities in nocturnal BP fall, assessed by a single ABPM, cannot be taken as independent predictors of increased cardiovascular risk.
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Introduction
The introduction of techniques for noninvasive discontinuous ambulatory blood pressure monitoring (ABPM) for research purposes and for management of the hypertensive patient in daily clinical practice may be considered a major achievement in clinical medicine over the last 30 years. 1 As the clinic measurements of blood pressure (BP) are scarcely representative of the overall BP load during the day, the greater number of recordings provided by ABPM allows a more accurate determination of BP. 2, 3 In addition, ABPM provides important information of 24-h BP profile, which appears to be a better predictor of intermediate 4, 5 and hard endpoints than clinical BP. [6] [7] [8] Increased variability in BP during the 24-h period seems to predict a higher risk of cardiovascular events and cardiovascular mortality.
9,10 BP varies markedly over a 24-h period depending on the degree of physical activity, awake vs sleep condition and the emotional state. 11 ABPM, providing information about the 24-h BP changes associated with the sleep-wake cycle, has shown that the majority of normotensive and essential hypertensive individuals have a pronounced nocturnal fall in BP (dippers) related to sleep. 12, 13 However, a notable fraction of essential hypertensive patients exhibit a reduced or even absent BP decrease at night, and for this reason these patients have been called nondippers. 14, 15 The nocturnal fall in BP has been reported to be specifically impaired in a number of other clinical conditions such as several types of secondary hypertension, diabetes mellitus, renal diseases, obstructive sleep apnea syndrome and miscellaneuous diseases characterized by altered autonomic cardiovascular regulation. 16 The clinical evidence that nondipper hypertensive patients may have a higher prevalence of target organ damage (TOD) and may be exposed to an increased risk of cardiovascular events than their dipping counterparts who display a 'normal' BP reduction (arbitrarily defined as a BP reduction equal or greater than 10% of average daytime values) has been disputed. In particular, several studies have investigated the impact of a blunted nocturnal BP fall on cardiovascular structure in essential hypertension. Some authors demonstrated that nondipping status was associated with greater cardiac and extracardiac TOD, [17] [18] [19] whereas other studies failed to demonstrate any significant difference in left ventricular and vascular structure among dippers and nondippers. 20, 21 Contradictory results can be attributed to a variety of clinical and methodological problems. The classification into dippers and nondippers based on a single ABPM represents probably one of the major confounding factors because of the limited reproducibility of nocturnal BP fall over time. The purpose of the present study was to evaluate prospectively the intrasubject short-term reproducibility of the nocturnal BP fall measured on two occasions over 4 weeks in a large cohort of never treated, uncomplicated patients with essential hypertension.
Methods

Study population
The study was performed in patients with essential hypertension consecutively attending for the first time our outpatient hypertension hospital clinic. Patients were included if: (1) they had never been treated; (2) their clinic BP values were between 90 and 109 mmHg diastolic or 140-179 mmHg systolic at two consecutive visits; and (3) had no history and clinical evidence of congestive heart failure, previous myocardial infarction or coronary bypass, cardiac valve disease, stroke, diabetes mellitus, renal insufficiency and conditions preventing technically adequate ABPM (eg atrial fibrillation and other major dysrhythmias). Patients with secondary hypertension were excluded. Those who met the inclusion criteria and gave informed consent to participate in the study were subjected to the following procedures: (1) repeated clinic BP measurements; (2) blood sampling for routine blood chemistry and urine analysis; (3) 12-lead electrocardiogram; and (4) two ABPMs within a 4-week period (range 7-28 days).
A log-book was maintained of all patients screened. The study protocol was approved by the ethic committees of the institutions involved.
Clinic BP measurement
BP was measured during the morning (between 1000 and 1200 h) in the outpatient clinic on two separate occasions during a 4-week period by a physician with a mercury sphygmomanometer (first and fifth phases of Koroktoff sounds taken as systolic BP (SBP) and diastolic BP (DBP), respectively) after the subjects had rested for 5-10 min in the sitting position and three measurements were taken at 1 min intervals. The average of six measurements was used to define clinic SBP and DBP.
Ambulatory BP monitoring
On the nondominant arm, 24-h ABPMs were carried out using a Spacelabs 90207 device (Spacelabs Inc, Richmond, WA, USA) after validation of its readings against those of a mercury sphygmomanometer by means of a Y tube. 22 The device was set to obtain BP readings at 15 min intervals during the day (0700-2300 h) and at 20 min intervals during the night (2300-0700 hours). In each patient, the time of application (71 h) and the recommended daily activity were the same for the two ABPMs. The patients were asked to attend their usual daily activities, to keep still at the times of measurement, to note the occurrence of unusual events or poor night sleep in a diary and to go to bed no later than 2300 hours and to stay in bed until 0700 hours. The BP monitorings were always performed over a working day (Monday to Friday). Each ABPM data set was first automatically scanned to remove artefactual readings according to preselected editing criteria. The recording was then analysed to obtain 24 h daytime and night-time average SBP, DBP and heart rates. Nocturnal dipping was defined as a reduction in average SBP and DBP at night greater than 10% compared with average daytime values. 17 Each subject was classified into one of four groups according to the consistency of its dipping or nondipping status between the first and second ABPM (Group I ¼ dipper on both recordings; Group II ¼ dipper on the first recording and nondipper on the second; Group III ¼ nondipper on the first recording and dipper on the second; and Group IV ¼ nondipper on both recordings).
Statistical analysis
Statistical analysis was performed by the SAS System (version 6.12; SAS Institute Inc., Cary, NC, USA). Data are reported as means7s.d. or as percentages. Means were compared by the Student's t-test for independent samples. Analysis of categorical data was carried out with the w 2 test or Fischer's exact test when appropriate. The differences between the four groups were tested using ANOVA. Correlations were obtained by using Pearson's equation. The limit of statistical significance was set at Po0.05.
Results
Recruitment of patients began in July 1999 and ended in February 2003. The process involved 587 consecutive untreated patients with grade I and II uncomplicated hypertension. Of these, 36 were excluded because they had a secondary form of hypertension; 41 because their clinic SBP or DBP values did not meet the inclusion criteria at the second visit; 15 because of diabetes mellitus; 25 because at ABPM obtained valid BP readings o80% of either awake attempts or asleep attempts; and 35 because of their unwillingness to participate in the study. Patients who reported that their sleep was severely disturbed due to the ABPM (compared with their normal sleep pattern) and those who disregarded the recommendations on the bed rest time were also excluded from the study (n ¼ 21). So, 414 patients completed the study having both ABPMs of good technical quality. Of these patients, 257 (64.5%) were men and 157 women and their main clinical characteristics are reported in Table 1. A total of 37 patients (8.9%) had clinical isolated hypertension on the basis of the first ABPM (mean daytime BP o132/85 mmHg). In the whole population, a small reduction in the mean 24-h, daytime and night-time BPs during the second ABPM was observed, but was nonstatistically significant compared to the first one. Moreover, a highly significant correlation was found between the mean 24-h SBP and DBP recorded in the first and in the second ABPM (r ¼ 0.87 for SBP and r ¼ 0.81 for DBP, Po0.001 for both).
Prevalence and reproducibility of dipper and nondipper patterns
On the first ABPM, a dipping pattern was observed in 278 patients (67.2%) and a nondipping pattern in 136 (32.8%). Of the 278 patients who showed a dipping pattern on the first ABPM, 219 (78.7%) confirmed this type of pattern on the second ABPM, while 59 (21.3%) showed a nondipping pattern. Among 37 dipper patients with 420% nocturnal SBP decrease (extreme dippers), only 16 (43.2%) had this marked fall in BP on the second ABPM. Of the 136 patients, who had a nondipping pattern on the first ABPM, a nondipping profile was confirmed in 92 (67.6%) on the second ABPM, while 44 (33.4%) had a dipping pattern (Figure 1 ). The prevalence of nondipping pattern on the first and on the second ABPM was 32.8 and 36.4%, respectively.
Therefore, 219 patients had a reproducible dipping pattern (Group I), 59 a non reproducible dipping pattern (Group II), 44 a non reproducible nondipping pattern (Group III) and 92 a persistent nondipping pattern (Group IV). The main clinical Nocturnal blood pressure fall in hypertension C Cuspidi et al characteristics of the patients according to this classification are indicated in Table 2 . There were no significant differences in gender, body mass index, heart rate, current smoking habit, cholesterol, glucose and serum creatinine among the four groups. Patients with a reproducible nondipping pattern were older than those with a reproducible dipping profile (Po0.05). The mean 24-h, daytime, night-time SBP and DBP values on the first and second monitoring were substantially superimposable in both reproducible dipper and nondipper patients, whereas significant differences in the mean daytime SBP, mean night-time SBP and DBP between the first and second ABPM were found in groups II and III ( Figure 2 ).
Discussion
We have previously demonstrated in a group of untreated essential hypertensives a limited testretest reliability of nondipping pattern. 23 The present study extends and refines those findings to a much larger sample of patients, suggesting that either dipping or nondipping pattern, diagnosed in middle-aged subjects during the early phases of the natural history of essential hypertension, shows a limited reproducibility over a few weeks period. As many as 21 and 33% of the patients labelled as dippers and nondippers, respectively, on the basis of the first ABPM, according to an arbitrary widely used classification (a nocturnal decline in the Nocturnal blood pressure fall in hypertension C Cuspidi et al daytime SBP and DBP 410%, equivalent to a nightday ratio of 90%), changed their initial profile during the second BP recording. Our results can be discussed as follows: firstly, the variability in circadian BP was clinically relevant in both dippers and nondippers, even if this phenomenon was more frequent in nondippers; this observation emphasizes the need of caution in classifying subjects as nondippers based on a single performance of ABPM. Secondly, our finding appears particularly meaningful as we intentionally assessed the dipping reproducibility in the same environment, with identical testing conditions on both occasions. The study was designed to include a selected population of young and middle-aged subjects with recently diagnosed hypertension (with a marginal prevalence of isolated clinical hypertension) excluding concomitant confounding conditions such as diabetes mellitus, ageing, renal failure, etc., in order to offer a new piece of information on nocturnal dipping variability in a homogeneous sample of individuals without ongoing medical problems other than uncomplicated hypertension. Thirdly, a further interesting point of our work is represented by the poor reproducibility of extreme dipper pattern: only 43% of patients confirmed a nocturnal BP decrease of 420% on the second ambulatory recording. This large 'regression-to-the-mean phenomenon' of the extreme dipper pattern observed in our setting raises some doubts about the fact that an exaggerated nocturnal BP fall should be considered a marker of dysfunction associated with increased cardiovascular risk, as reported by some authors in elderly hypertensive populations. Kario et al 24 have found that elderly hypertensive extreme dippers had more advanced silent cerebrovascular disease (silent infarction and advanced ischaemic deep white matter lesion) detected by brain magnetic resonance imaging than hypertensive dippers with an appropriate decrease. The same group have recently confirmed that patients with extreme dipper profile were at increased risk of stroke during antihypertensive therapy. 25, 26 However, our results indicate that the assumption that extreme dipper pattern diagnosed on the basis of a single ABPM reflects a definite clinical trait, which predisposes to an increased risk of cardiovascular events should be accepted with caution at least in middle-aged hypertensives. Several other aspects of our study deserve to be discussed. To date, few large prospective studies have examined the reliability of nocturnal dipping among untreated and treated hypertensive individuals. The majority of these studies investigated the short-term reproducibility and included a small number of patients. Dimsdale and Heeren 27 evaluated the reliability of night-time BP dipping in 21 subjects (18 normotensives and three hypertensives); on one occasion they were studied as outpatients, and on another, approximately 2 weeks later, as inpatients on a clinical research ward. They found poor test-retest reproducibility of nocturnal BP dipping: nine of 21 patients (43%) had systolic dip scores differing by 45 mmHg across the two testing sessions. James et al 28 assessing the reproducibility of the nocturnal SBP in 42 elderly subjects (35 hypertensives, seven normotensives) over a period of 2 months, demonstrated that day-night SBP difference was poorly reproducible. A substantial proportion of subjects (36-43%) altered their dipping status between visits. Mochizuchi et al 29 investigated the day-to-day reproducibility of dipper and nondipper patterns in 253 untreated patients with mild-to-moderate hypertension by monitoring BP for 48 h. These authors found that the prevalence of dippers and nondippers as assessed on both consecutive days was 41 and 30%, respectively; the remaining 29% changed from dipper to nondipper or from nondipper to dipper. Mancia et al showed that about 40% of 170 hypertensive patients included in the SAMPLE (Study of Ambulatory Monitoring of Pressure and Lisinopril Evaluation) classified into dippers and nondippers according to a first ABPM changed pattern when they were studied again after 1 year of treatment. 30 Long-term variability in the nocturnal BP profile was also analysed by Manning et al 31 in 79 untreated subjects (69 hypertensives and 10 normotensives) with repeated ambulatory recordings (at baseline, 6 and 12 months). They observed that only a half of patients (56%) did not change the initial night-time pattern. Our study, the first specifically addressed at evaluating the short-term reproducibility in nocturnal dip in a large cohort of middle-aged uncomplicated patients with recently discovered grades 1 and 2 essential hypertension, in line with previous smaller reports, 27, 28 showed that 103 out of 414 patients (24.9%) had fluctuations between the dipping and nondipping patterns and vice versa. Several physiological and methodological reasons may explain the poor reproducibility of the circadian BP variation in essential hypertension. The level of daytime activity and the duration and quality of sleep are certainly major determinants of the extent of the nocturnal BP fall. Differences in the duration and depth of sleep may have a marked impact on the autonomic regulation of cardiovascular system during the night-time, leading to different changes in BP and heart rate during repeated ambulatory recordings. It has been suggested by some authorities that this limited reproducibility may improve when using more precise definitions of daytime and night-time periods than that offered by fixed standard times, such as the definitions based on patients' diary, narrow fixed-clock nocturnal interval that excludes the morning and evening transitional periods and cusum analysis. However, Dimsdale et al 32 in a recent study aimed at assessing the reliability of BP dipping using three definitions of night-time (an arbitrary clock time, reported bedtime by each participant and actual onset of stage 2 sleep as determined by polisomnography) failed to find the superiority of one definition over another. Our findings, despite the study being designed with technical features to minimize some confounders, using fixed-clock nocturnal interval strictly corresponding to effective patients' bed rest time and repeating ambulatory recordings in the same clinical and seasonal environment, during a working day, showed that about one-third and onefifth of nondippers and dippers, respectively, changed their nocturnal profile over a short time period. A final brief comment concerns the clinical characteristics of patients with reproducible dipper or nondipper pattern and those with variable nocturnal patterns. There were no significant differences in gender distribution, body mass index, heart rate, current smoking habit, total cholesterol, glucose and creatinine concentrations among these subgroups; patients with reproducible nondipping profile were older than their counterparts with persistent dipping profile and this observation is on line with previous evidence that has shown a curvilinear correlation between nocturnal BP fall and night-day ratios and age. 15 In conclusion, our prospective study, the largest carried out in a selected never treated hypertensive population, offers a new piece of information on the limited role of a single recording of 24 h ambulatory BP in classifying hypertensive patients into dippers and nondippers, because in a large fraction of our patients the nondipping pattern cannot be considered as a definite clinical trait useful in the identification of subjects at greater cardiovascular risk. Therefore, nondipping and extremely dipper patterns, when assessed by an isolated ABPM, cannot be taken as independent predictors of increased cardiovascular risk, and repeated AMBPs are necessary to diagnose an 'abnormal' nocturnal profile correctly as a part of the risk stratification. 33 
